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Foreword 


The attached material represents the working papers from the 
OAST Space Theme Workshop held at the Langley Research Center, 
April 26-30, 1976, and contains a quic c-look analysis of the 
proceedings. The material is unedited and intended for further 
use by the participants of the workshop and the planning elements of 
NASA concerned with space mission research and technology. It 
should be understood that the data do not represent official plans 
or positions but are part of the process of evolving such plans and 
positions. 

Nearly 100 of the Agency's top technologists and scientists joined 
with another 35 theme specialists to produce this working document - 
a document that provides a technical foundation, including research 
and technology base candidates, for each of the six space themes. 

The material in this report is considered essential to the development 
of Center initiatives in support of these themes. Copies of .he report 
will be made available to the Center Management Board and the 
individuals at the Centers responsible for the FY'78 program planning 
cycle. The timing of this planning activity has caused us to distribute 
this document in this unedited form. Thus, it possibly contains errors, 
hopefully, more of a typographical rather than a technological nature. 
Nonetheless, the information contained is of a high professional level, 
reflecting the efforts of the workshop participants and will be invaluable 
to the planning and successful execution of the Agency's near- and far- 
term advanced technology program. 


Stanley R. Sadin 
OAST Space Tbeme Workshop 
Chairman 

NASA Headquarters 
Study, Analysis, & Planning Office 
Office of Aeronautics and 
Space Technology 



OAST SPACE THEME WORKSHOP 
M-2 STRUCTURES AND DYNAMICS WORKING GROUP 


SUMMARY COMMENTS ON THEME IMPACT 


Two major thrust were Identified for structures technology: 

1) Large Space Stru:tures 

2 ) Advanced Transportation Structures 

A technology program on large space structures was defined to respond to 
common need perceived for five of the six themes. Greatly expanded power, 
facilities, and communi cations/sensing requirements appear to demand a new 
structures technology for construction In space. Requirements to construct 
huge structural arrays with precision surfaces In space will need creative 
research efforts to Identify a practical structural elements and construction 
techniques. 

A technology program on advanced transportation structures was defined to 
respond to the space transportation theme In a timely fashion. Because 
of the criticality of thermal structures to achieve lower cost transportation 
systems, renewed emphasis on technology In this area Is recommended. The 
working group was concerned that critical skills and facilities of the Agency 
In this area have decreased to a critical point. A second technology needing 
renewed emphasis Is the area of recovery and landing technology structures 
to permit full reuse of launch vehicle propulsion elements. 
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SUMMARY COMMENTS ON THEME NEEDS AND 
BE'C MCHPED PftflfflPWr 


Large space structures can be generally grouped Into three categories, which 
define approximately the size, fabrication, and assembly techniques. The 
first category Is structures which are fabricated, assembled, and packaged 
on earth and automatically deployed In space. Structural technology for 
this categorgy Is the most mature, the maximum size of the deployed 
structure Is dependent on the launch vehicle. The second category is structures 
which are fabricate! and partially assembled on earth with flr.al assembly of 
the modules/components In space with semi -automated mechanisms. Technology 
for this category Is new with several major a^eas of unknowns. The third 
category of structures Includes ultra large structures for which economics 
may dictate that space processing and/or fabrication of major structural 
components Is necessary. Technology for this category Is the least advanced 
and additionally requires Interaction on a large scale with astronaut 
activities. 

Mission requirements on structural surface tolerances, structure pointing, etc. 
will also be a factor In determining which category of structure Is used. 

These accuracy requirements vary from low for solar arrays to very high for 
earth sensor antennas to ultra high for radio telescopes and SET1 antennas. 

Modules of manned space stations and orbital transfer propulsion stages of 
size compatible with launch vehicle cargo bays will be fabricated on the 
ground and transported to orbit for assembly. Rapid and cost-effective 
methods of link-up require development of a new qeneratlon of docking 
technique, mechanisms, and structures. 

Manned Space Stations require the development of 10-20 year lift hi bl tats for 
which new technology Is required. 

The search for Extraterrestrial Intelligence (SETI) brings the most stringent 
requirement of all the Large Space Structures. The potential requirement 
for 3 kilometer size antenna of millimeter surface accuracy and RF1 shield 
of similar size present a real challenge for the structure discipline and 
place the SETI structure Into a class of Its own. 

The use of solar pressure option as a mean of propulsion for the Exploration 
of the Solar System Spacecraft would necessitate the development of technology 
for extremely light weight large film structures having requirements different 
from those of other large space structures. The key parameter for the solar 
sail Is extremely light for kilometer size rather than surface accuracy. 
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Since the solar sail Is only a secondary option as a propulsion system, 
a low priority was assigned to this type of structures. 

To meet the projected needs of the Advanced Space Transportation Theme, the 
most critical technology area Identified related to high temperature structures 
for earth to orbit reusable launch vehicles. The combined turnaround, and 
reuse for many hundreds of missions requires specific advancements In 
structural design concepts to withstand entry heating with substantial 
weight reductions over the types of structural approaches being used In 
the shuttle. 

Another Important area, particularly for Heavy Lift Lanuch Vehicles, Is 
that of landing and recovery. The vertical water or land landing approaches 
proposed for the very large cargo-type vehicles will require substantial 
Improvements for parachute systems, landing Impact loads, and protection 
of engines from sea water. 

In service nondestructive evaluation techniques should provide significant 
Improvements In operational schedules by extending Inspection periods for 
critically loaded structural elements. By developing effective sensing and 
recording equipment combined with appropriate data readout and processing 
equipment and software, highly loaded structural elements can be rapidly 
evaluated after each mission (or series of missions). Teardown for Inspection 
and replacement after an arbitrary fraction of design lift of a pressure 
vessel or other critical component can be replaced by a retirement for cause 
criteria based on the permanent NDE system measurement. 

Increased support of technology for payload dynamics and acoustics was 
recommended. The needs identified were to expand efforts to develop methods 
of reducing severe noise and vibration environments In current vehicles. 
Additional tasks required are high quality dynamic and acoustic loads data 
obtained from early shuttle flights and the demonstration of methods to 
predict the coupled acoustic vibration response of payloads and launch 
vehicles from a knowledge of each element. Drivers tor this technology 
are cost constraints requiring the elimination of expensive system ground 
tests and emerging concepts for heavy lift vehicles with large payload masses. 

Complex structu’e configurations combined with varied and rigorous mission 
profiles result In time-consuming load analysis requirements. The develop- 
ment of advanced computation and data synthesization techniques coupled 
with appropriate loads analysis computer programs are necessary to realize 
efficient application of wind tunnel data and Information from structural 
model tests to the determination of design loading conditions. Current 
space shuttle analysis techniques will be analyzed to identify Inefficient 
steps and the theory and Implementing software required to expedite the 
accurate determination design loads will be Integrated into Improved 
computational programs. 
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The development of damage tolerant design methodology Is essential to 
acconmodatlon of the conflicting demands for minimum structural weight 
and for high reliability, low maintenance operations. Selection of an 
adequate degree of damage tolerance In the structural materials can provide 
significant Improvement In the effectiveness of NDE equipment by relaxation 
of the minimum flow size detection requirements. Development of proof 
testing criteria and the quantification of the significance of a successful 

6 roof test In terms of subsequent assured service life further enhances 
DE verified structural reliability. Development of design method which 
provide a rational means for selection of safety factors and residual 
strength margins which recognize the damage tolerance capacity of the 
structure can aid elimination of design overconservation and corresponding 
improvements In structural efficiency. 
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NEW INITIATIVES SUMMARY 


7/M2/1 . 
8/M2/1 
8/M2/2 
8/M2/3 
8/M2/4 
8/M2/5 
9/M2/1 
9/M2/2 
10/M2/1 
12/M2/1 
12/M2/2 
12/M2/3 
12/M2/4 
12/M2/5 
12/M2/6 


TECHNOLOGY NEEO 


N i. w INI TIATIVE S* 


Deployable Laser Mirror 
Spate -Deployed Large Structures 
Space-Assembled targe Structures 
Space-Manufactured Large Structures 
Orbital Assembly of Modules 
Long-Life Habitable Structures 
Extremely Accurate Large Antenna 
Shield Structure 
Solar Sail Structure 
Recovery/Landing Tech, for LVs. 
Advanced Vehicle Structures 
In-Series NDE Techniques 
LV Loads Analysis Optimization 
Payload Dynamics and Acoustics 
Damage Tolerance 


104. 105. 114. 130 


R & T Base 


116 

Expand R&T Base 
Expand R&T Base 
Expand R&T Base 


Indicates no new Initiative submitted to 
address this need. Additional new Initiative 
would be required to cover the task described 
on Form 1. 


LEVEL I RASlC PMFH0I4IHA 09SLRVU AMD RfRORTCO 4 C04fftMMRT OR MMOMARC TfSHO » RIUVART 

OF STATE l THIORV FORttULATCO 10 OESCRlH PMfNOMtNA (RVIROMKRT i« THE IAROR UOR» 

OF ART 1 TMiQRY TtSTID »» Rhyucai [<nii«E«i o« f HOOf l TISTIO t* AiRCRAF T tHviROMKRT 

mathcmaticai modcl i »ooti rtSTtoi* space eryaorakrt 

4 rertimemt fuhctioh oa characteristic dchorstrateo 


SPACE TECHNOLOGY NEED 


1 TITLE Deployable Laser Mirror 


FORM NO. I 

PAGE 1 OF_2 


_ NO. 7/ *2/ 1 

THEME /WG / TASK 

Other THEMES 8,11 

- DATE-i _/l 8 ._Z5 


2. OBJECTIVE 


Develop structur es technology for deplo.y4])LlB_j!Lll‘jrO£S- 
for high power laser transmission. 


3 NEED ANALYSIS 

a) LEVEL NOW 0 . WILL BE LEVEL 0 UNDER EXISTING PLANS 
bl REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 
AT LEVEL 0 FOR OPERATIONAL SYSTEM USE BY foATI 1990 1 
cl RISK IN ACHIEVING ADVANCEMENT 

HIGH 0 MEDIUM □ LOW □ 

dl CRITICALITY TO THE ACCOMPLISHMENTS ENABLING 0 OR 
ENHANCING; HIGH 0 MEDIUM □ LOW □ 
el TASKS NEEDED STUDY Q ANALYSIS 0 RESEARCH 0 

GRD TEST 0 AIR CRAFT TEST Q SPACE FLIGHT TEST 0 
OTHER (Specify) 0 (Check one or more) 

f R&T BASE CANDIDATE RR RTOP ? FY 78 lank 


4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY Laser mirror surface mate rials developme nt. 


5 specify technology advancement required to 

ACCOMPLISH NEED 

a. Stiff deployable support structure and integration of 
mirror surface with structure for 30-meter laser mirror 

b. Techniques for automatic alignment of mirror surfaces. 

c. Def 1 ne sul tabi 1 i ty for extrapolating concep t to 

larger sizes. 






SPACE TECHNOLOGY NEED 


TITLE Deployable Laser Mirror 


FORM NO I 
PAGE 2 OF * 


NO 7/ H2/ 1 

THEME / W G / TASK 


OATE 4/28/76 


6 RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Preliminary design studios, laboratory tests of scaled 

models, and shuttle flight experiment of model of complete 
system. 


7 ALTERNATIVE APPROACHES/OPTIONS 

Microwave transmission antenna 


8 CURRENT/PLANNED RELATED ACTIVITIES (RTOP. OTHER) 

RR RTOP ? Preliminary study of system concepts 


9 TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 

5a 


Flight Exp. 


MANPOWER (M Y) 

INHOUSE 

CONTRACT 


FUNDING (TO 6 $) 

INHOUSE 

CONTRACT 












LEVEL I MSlC P«f HOMER* ORSE RVE 0 *«0 REROHTEO * COR»MMMT g* IDOOUMIC TJSTIO * MllV»«' 

OF STATE 2 TMEORV F ORWUIATEO TO OtSCRtM RmIROMER* IWHHMNI1 • rai cMWtTNt 

OF ART 1 TMEORT TCSTID •» PVYJICAI E QD « MOOIl TISTEO I* AIRCRAFT i*vlRO*«tMT 

MATHEMATICAL MODEL I MODEL TESTED I* SRACE E«l <*OMM«T 

« RERtlRERT FUNCTION OR CHARACTERISTIC DEMONSTRATED 


SPACE TECHNOLOGY NEED 


|, TITLE Space-Oeplwyed Larg e S tructure 


FORM NO I 
PAGE 1 OF _4 


D. 08/ H-2/ 01 

THEME /WG./ TASK 
OTHER THEMES 7,9,10,11 

ue JLi±*; 2 ± 


2. OBJECTIVE 

Design and develop structural concepts for booms, arrays, 
ref l .-c tors t a ntennas and platforms using space-deployment of 
gro und assembled components. 


3 NEED ANALYSIS 

a) LEVEL NOW (0 . WILL BE LEVEL 0 UNDER EXISTING PLANS 
bl REOUIPED ADVANCEMENT SHOULD BE TECHNOLO GY REA DY 
AT LEVEL [ 7 ] FOR OPERATIONAL SYSTEM LISE BY fpATI 19 83-87 
cl RISK IN ACHIEVING ADVANCEMENT 

HIGH Q MEDIUM Q LOW [[] 

di CRITICALITY TC THE ACCOMPLISHMENTS ENABLING 0 OR 
ENHANCING HIGH Q MEDIUM Q LOW □ 
el TASKS NEEDED STUDY Q] ANALYSIS Q] RESEARCH 0 

GRDTEST0 AIR CRAFT TEST Q SPACE FLIGHT TEST [Y] 

OTHER (Specify! □ _____ (ChecK one 0 - more ) 

♦I R&T BASE CANDIDATE 


4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY Material development ( co mposl ttS ) . 

Active surface precision control. 

Sensing/measuring techniques for accurate alignment 


5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

A) Develop computer-aided concept design technlcques. 

B) Develop thermal stabilized structures. 

C) Iden i fy des 1 gn requirements for all structure types_. 

D) Develop packaging and deployment me chani sms . 

t) Demonstrate technology through Ground/Space testing, sub- 

scale models, full-scale segments, etc. 

F) Define structure/control system Interaction. 


G) Develop structural accuracy assessment/correction technique 


H) Develop/veri fy algorith m for complete structure/ dynarclcs/ 
environment/life representation, etc, 






SPACE TECHNOLOGY NEED 


TITLE 


id large Structur es 


FORM NO. I 

PAGE 2 OF _2 


NO 08/ H-2/ Q1 

THEME /WG. / TASK 


» — .. ■ DATE 4 / 28/76 


6 RECOMMENCED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEEO 

Identl fy/evalua t#/»e1>ct prlwe concepts Including trade - off 
studies Involving considerations such as packageabl 1 1 ty , 
deployment methan 1 sms/ 1 oads , weight, volume, life, conf Iguratloi 
precision, etc. Oevelop analytical representation of selected 
concepts, design, build models and verify with ground test and 


flight experiments as required. 


7 ALTERNATIVE APPROACHES/OPTIONS 


8 CURRENT/PLANNED RELATED ACTIVITIES (RTOP. OTHER) 

506-17-11 Large errectable space structures 
506-17-26 Composite Space Structures 


750-01-20 Definition of flight experiments 


9 TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 
Booms 

A’ ray 

Antenna/ref lec' 
P 1 atforms 


MANPOWER (M Y) 

INHOUSE 

CONTRACT 


FUNDING ( 10 6 $) 

INHOUSE 

CONTRACT 


// 


\m\ 

















LEVEL ) lAS<i o*U»v(o t*c »i»c«t{o i o» tu»lo * 

OF STATE 1 '«« > 3 MulAt (0 TO 0 (SC«>M >«IOMU f*¥i»o*Btc> i* *«f .UO> iro». 

OF ART ] InlOtf Ttmoir FwrSiCAl I ntflNKaT O* « •00€t HSTt D » *i«t«A»T 

■*TM»«,-TlCAi » 00 «i J aooit THIIO >*S»ACf id - IDMr 

* «*TMHT 'UMTIOMO* CHAAACTMiST.C 0<aO*S1*AT(0 


SPACE TECHNOLOGY NEED 


FORM NO I 

PAGE 1 OF 


1 TITLE Space-Assembled lar ge S t ructures 


NO 8/ H l, l 
THEME / W G / TASK 

DATE i_ lU. ,li 


2 °^i E s C 1 T gn C and develop structural concepts for booms, arrays. 

ref Uctori/antennaj and space platfprmi uiJna space assembly 
• ground fabricated components • (Components can Include 
deployable structures.) 

3 NEED ANALYSIS 

a! LEVEL NOW 0 WILL BE LEVEL 0 UNDER EXISTING PLANS 
t» REQUIRED ADVANCEMENT SHOULD BE TECHNOLOGY READY 
AT LEVEL Q FOR OPERATIONAL SYSTEM USE BY [oATI t9o3^ 7 
Cl RISK IN ACHIEVING ADVANCEMENT 

HIGH Q MEDIUM [T) LOW 0 

dl CRITICALITY TO THE ACCOMPLISHMENTS ENABLING 0 OR 
ENHANCING HIGH 0 MEDIUM 0 LOW 0 
•I TASKS NEEDED STUDY 0 ANALYSIS 0 RESEARCH 0 
GRD TEST 0 AIR CRAFT TEST 0 SPACE FLIGHT TEST 0 
OTHER (Speedy) 0 iCnecK one or more l 


fl R&T BASE CANDIDATE 

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY A. Materials d'“v '• I '**».t , R. d've 

Surface Precision Contr ol, C. Man 1 pulatorsj 

D. Sens 1 nq/Measur 1 ng Technlnies for acc. a’lgnment. 

5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

A. Develop c o ’ pu tt r»a Ide d <, oncep t des 1 g n techniques. 

B. Develop thermal stabilized structures^ 

C. Identify design requirements for all structure types. 

D. Develop joining, r edig 1 z a 1 1 on , packaging, and deployment 
techn Iques . 

E. Demons trate tec hnology through ground/space testing, sub- 

scale models, full sc ale segments, etc. 

F. Define structure/contr ol system Interaction. 

G. Develop structural acc uracy assessment/correction techn i q ue s| 

H. Develop/ verl fy algorithm fo r complete struct u r e /d y n am Ics/ 
env 1 ronment/ 1 1 f e representation, etc. 


SPACE TECHNOLOGY NEED 

FORM NO 1 
PAGE 2 OF JL 

TITLE Space-Assemb led Large Structures 

lun 08/ M-2/ 02 


THEME /WG./ TASK 


DATE 4 / 28 / 76 


8 RECOMMFNDED APPROACH/PRCGRAM PLAN TO ACCOMPLISH NEED 

Identlfy/evaluate/select print concepts Including trade-of f itu d 1 
involving considerations such as packageabi 1 1 ty , deployment 
mechanisms, loads, weight, volume, life, configuration precision 
etc. Develop analytical representation of selected concepts, 
design, build models end veri fy with ground test and flight 
experiments as required* Including assembly manipulator- 


7. ALTERNATIVE APPROACHES/OPTIONS Many mission requirements can be 

met with one or more ty pes of structures (shaped antennas vs. 

phased array). Selected approach will depend on cost, techno 1 og; 
r ead i ness, e t c. — — — 


8 CURRENT/PLANNEO RELATED ACTIVITIES (RTOP, OTHE-1) 

506-17-11 - Large Erectable Space Structures 

506-1 7-26 Composite Space Structures 


750-01-20 


Definition of Flight Experiments 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 

B oons 

Array 

Antenna/ref led 
Platforms 


MANPOWER (M Y) 

INHOUSE 

CONTRACT 


11^ Fi: Efi E3 E2 ES ET 

mmmmmmmmmm 






















LEVEL I BASIC PMfkOMFRA OBSJRVfO *110 Rf«ORTEO 4 UMROkfkT OR BAFAUROARP TfSTtO I* Bill V**' 

OF ST ME 2 THEORY FORMULATED TO OESCRIIE PHENOMENA I NvtRONMENT IN THE L AMO XTORY 

OF ART 3 THEORY TESTED (V PHYSICAL ExrER-SENT OR ( MOOEL TESlEO I* AiRCRAtT ENVIRONMENT 

MATHEMATICAL MODE l ? MOOT l TESTED IN SPACE ENV IROMMEMT 

4 PERTINENT FUNCTION OR CHARAC'T RISTIC DEMONSTRATED 


/ 

SPACE TECHNOLOGY NEED 

^ 

FORM NO 1 
PAGE 1 OF 2 

1 TITLE Space-Manufactured/Assembled 

NO _M/ H-2/ 03 

Large Structures 

THEME / W.G. / TASK 
OTHER THEMES: 7,11 

DATE 4 / 28 . 76 

... . — ■ 

2 °(fe , s?gn V and develop structural concepts 
reflectors/antennas and platforms using 

for bo g o r. . arrays. 

space assembly of 


space f abr 1 cated/manuf actured components. 

3 NEED ANALYSIS 

a) LEVEL NOW Q , WILL BE LEVEL GO UNDER EXISTING PLANS. 
t>) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLO GY READ Y 
AT LEVEL (7) FOR OPERATIONAL SYSTEM USE BY Iqati 1987^90 
C) RISK IN ACHIEVING ADVANCEMENT: 

HIGH g MEDIUM 0 LOW 0 

Jl CRITICALITY TO THE l CCOMPLISHMENTS enabling 0 OR 
ENHANCING: HUH 0 MEDIUM 0 LOW 0 

el TASKS NEEDED S T UDY 0 ANALYSIS Q RESEARCH 0 
GRD TEST 0 AIR CRAFT TEST 0 SPACE FLIGHT TEST [x] 

OTHER (Specify! 0 1 Chech o ne or nore ) 


f) R&T BASE CANDIDATE 

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY Materials development (composites). 

Active surface precision control. Manipulators. 

Automated fabri cati on/manuf . devices. Semi automated 
- SfinslBfl/jneasiirJiia.. techniques lor, accurate 

5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

A ) Develop comouter-alded concep t desig n technlouas^ 

B) Develop thermal stabilized structures. 

C) Identify design requirements for all structures. 

D) Develop f ab r i ca t i on /ma nu f a c t u r i ng concepts. 

E) Demonstrate technology through Ground/Space fab r 1 cati on 

and testlrg of full s calp segments and subscale models, etc 

F) Define structure/control s ystem interaction^ 

G) De ve lop struct ural acc uracy assessment/correction tech niqu e^ . 

H) Develop/ v erify algorith m for complete s tructureAlyna mics/ 
envlronment/l Ife representation, etc. 




r 

SPACE TECHNOLOGY NEED 

1 

FORM NO 1 


PAGE 2 OF b £ t . 

TITLE Space- Man uf ac tured/Assemb 1 ed 

no 08/ M-2/ 03 

Large Structures 

THEME /WG./ TASK 

DATE 4 / 28/ 76 


6 RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Identify/evaluate/select prime concepts Including trade-off 
studies Involving considerations such as f abr i ca 1 1 on/inanuf ac- 
turing methods, equipment packaging, assembly mechanisms, wei ' 
volume, life, configuration precision, etc. Develop analytical 

representation, .1 ♦* s ’ <j n , fabrication module. Use module, 

fabricate, assemble and verify with ground test and flight 


7 ALTERNATIVE APPROACHES/OPTIONS 


8 CURRENT/PLANNED RELATED ACTIVITIES IRTOP, OTHER! 

S 0t> -17-11 - Large Erectable Sp e ce Structures; 606 -17-26 Composite Spa ce 
Structures; 750-01-20 - Definition of Flight Experiments; 910-3 1-07 - 
Large Space Structures/Space Fabrication & Assenbly 


9 TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 

Booms 

Array 

An tenna/ re f 1 eel 
Platform 


MANPOWER (M Y) 
INHOUSE 
CONTRACT 


FUNDING (10 6 $) 

INHOUSE 

CONTRACT 




1 VO 















LEVEL t RASICFHENOMEMAORSERVEO AMO RETORTED i COMPONENT OR RREAOCOARO TfSTEO IM «l IEVAMT 

OF STATE I THEORY FORMULATED TO DESCRIBE PHENOMENA TNVIRONME Ml IM THE LAROR ETORY 

OF ART ) THEORY TESTED BY RHYSICAt E YPE R'MENT OR « MODEL TESTEO >M AIRCRAFT EMVIROMRIEMT 

MATHEMATICAL MOOEL I MODEL TESTED IM »ACE ENVIRONMENT 

• PERTINENT FUNCTION OR CHARACTERISTIC OEMONSI RATED 


SPACE TECHNOLOGY NEED 


FORM NO. i 

PAGE 1 OF ? 

1. TITLE Orbital Assembly of M odules n.t 08/ M-2/ 04 

THEME / W.G. / TASK 

OTHER THEMES: 9,12 

DATE_J_ && ,_Zi 

2 . OBJECTIVE 

Dev elop and Verify Techniques for M anne d Space SXalloa 
end Orbital Transfer Propulsion Stages 


3. NEED ANALYSIS 

a) LEVEL NOW 0 . WILL BE LEVEL 5D UNDER E XIS1 ING PLANS. 


bl REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 
AT LEVEL Q FOR OPERATIONAL SYSTEM USE Bf 


cl RISK IN ACHIEVING ADVANCEMENT 

HIGH Q MEDIUM 0 LOW 0 

di CRITICALITY TO T' IE ACCOMPLISHMENTS ENABLING Q] OR 
ENHANCING: HIGH 0 MEDIUM 0 LOW 0 

e) TASKS NEEDED: STUDY 0 ANALYSIS Q RESEARCH 0 

GRDTEST0 AIR CRAFT TEST 0 SPACE FLIGHT TEST 0 
OTHER (Specify) 0 (Check one or morel j 

f) R&T BASE CANDIDATE 

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY 


5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

A) Development of Module Position ing and Orientation 

Manipulation Mechanisms . 

B) Development of Automatic Locking and Sealing Module 

I nter f ace s (manned modules )_. 

C ) Development of Autom. Locking Interf aces I ncorporating 

Propellant Pressurent and Vent Li nai ; an d Electrical 

Inter faces (orbital Propulsion Stages). 

D) Development of Alignment Provisions for Above Interfaces 
(Accurate Sensing and Positioning). 






SPACE TECHNOLOGY NEED 


TITLE 


Orbital A s s emb 1 v of Modu 1 e s 


FORM NO I 

PAGE 2 OF * 


NO. 08/ M-2/ Q4 

THEME /WG. /TASK 


DATE 4 /28 /76 

6 RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Perform concept studies to select assembly method and design 

of necessary mechanisms. Develop and test models of_cr1t1cal conponi nts- 
Evaluate performance, life, reliability. Flight tests require 
early use of Space Shuttle orb1ter_. 


7 ALTERNATIVE APPROACHES/OPTIONS 


8 CURRENT/PLANNED RELATED ACTIVITIES (RTOP. OTHER) 

None 


9 TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 



MANPOWER (M Y) 

INHOUSE 

CONTRACT 


FUNDING <10 6 $) 

INHOUSE 

CONTRACT 


















LEVEL I BASIC PHENOMENA OSSIRVED ADO REROUTE 0 1 JMPOMItlT OA (AIAOBOARO IlSTtO I* AlllVAAT 

OF STATE 2 THCORY FORMULATED TO OCSCRIBt PHENOMENA IHVIAOMRUIIT HI »Ht lARORtTORY 

OF ART ) THEORY T'STEORV PHYSICAL tIPfRIMENT OR • MOOEl TESTED IAAIRCRAM £»YlROMKRT 

MATHEMATICAL MODEL I MOOEl TESTED in SPACE EM' lAoMMEMT 

t PERTIMERT FUMCTIOII OH CHAAACTEIIISTIC DEMOMSIAATEO 


SPACE TECHNOLOGY NEED 


FORM NO I 
PAGE 1 OF 2 

1 . TITLE Long-Lift Habitable S tructures mo 8/ H2/ 5 

THEME / W.G./TASK 


DATE f lI3.ll 

2. OBJECTIVE 

Develop Modular St ru cture s for Manned- Sp*c* 

Oper ations with 1 0-20 Year Life 


3. NEED ANALYSIS 

a) LEVEL NOW (□ . WILL BE LEVEL [j) UNDER EXISTING PLANS 

b) REQUIRED ADVANCEMENT SHOULD BE TECHNOLOGY READY 

AT LEVEL Qi] FOR OPERATIONAL SYSTEM USE BY [DATE lOfts"! 
cl RISK IN ACHIEVING ADVANCEMENT 

HIGH Q MEDIUM Q LOW Q 

di CRITICALITY TO THE ACCOMPLISHMENTS ENABLING □ OR 
ENHANCING: HIGH Q MEDIUM □ LOW Q 

e) TASKS NEEDED: STUDY Q ANALYSIS Q] RESEARCH (T) 

GRDTEST0 AIR CRAFT TEST □ SPACE FLIGHT TEST □ 

OTHER (Specify) □ <Ch« - me or more ) 

f) R&T BASE CANDIDATE 

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY Develop large space str uct ures 


5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

A. Identify long te rm d egradati on hazards and requirements 

for monitoring and repair. 

B. Develop concepts for long term meteroid protection, 
sealing and lea kage control, and thermal fatigue problems 

C. Define m e thods of accelerated testing._ 

D. Demonstrate sensin g and maintenance techniques by lon^j 

term/g round tests; perform thermal cycling tests as 

re quired. __ 





SPACE TECHNOLOGY NEED 


T,TLE Long-Life Habitable Structures 


FORM NO. I 

PAGE 2 OF 


NO. 8/ H2/ 5 

THEME /WG./ TASK 

DATE 4 Z 28 / 76 


6 RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Complete Systems Studies to Define Hazards (1978) 

Conduct Concept Studies to Minimize/Re p air Hazards (1979-80 ) 
Complete Accelerated Long Term Degradation Tests (198?) 
Complete Long Term Tests (1988) 


7 ALTERNATIVE APPROACHES/OPTIONS 

Accept costs of short-lined structures. 


8 CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

None 


9 TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 
Define Hazards 

Develo p Co ncep s 


Accelerated 
and Long Tei 
Tests 1 


MANPOWER (M Y) 

INHOUSE 

CONTRACT 


FUNDING (10 6 $) 

INHOUSE 

CONTRACT 


2 2 11 


IHIHHMIIIIIII 
!!!■!!!!■»!!!!!!! 













LEVEL I SAS'C PtlfROMER* OBSERVE o »R0 BEPORTEO i COMPOMRT OR BRIRDtOARO TISTIO HI •tltYRR’ 

OF STATE I THEORY formulated TO DESCRIBE PHEROME RA (tYUOWIt' ThJ lAeORUORY 

OF ART ) THEORY TESTED (V PHYSICAL OPCRtMEIII OR ( MOOEl TESTEO I* AiRCRAfT ERVIAORMER' 

MATHEMATICAL MODEL 1 JOOf l TESTED IM SPACE EMVlROMMfMT 

• PERTIRERT EUMCTION OR CHARACTERISTIC OEMOMSTRATED 


SPACE TECHNOLOGY NEED 


1 TITLE Extr 


Antenna Structures 


FORM NO I 

PAGE 1 OF _1 


THEME / W G. / TASK 
OTHER THEMS: 7,8,11 

DATE_$_ l23 t 2ll 


2 OBJ ^ev l e / fop technology of spherlca’. reflector for receiving 
space borne antenna of up to 3000 meter • 'me ter 
operating at up to 25 GHZ RF. 


3 NEED ANALYSIS 

a) LEVEL NOW (0 . WILL BE LEVEL 0 UNDER EXISTING PLANS 
bl REQUIRED ADVANCEMENT SHOULD BE TECHNOLOGY READY 
AT LEVEL QJ FOR OPERATIONAL SYSTEM USE BY foATE L$90j 
Cl RISK IN ACHIEVING ADVANCEMENT; 

HIGH [[] MEDIUM Q LOW 0 

dlCRlTlCALlTY TO THE ACCOMPLISHMENTS ENABLING (7) OR 
ENHANCING HIGH 0 MEDIUM 0 LOW 0 
el TASKS NEEDED STUDY 0 ANALYSIS □ RESEARCH 0 
GRD TEST 0 AIR CRAFT TEST 0 SPACE FLIGHT TEST 0 
OTHER (Specify I 0 (Check one or more) 

f) R&T BASE CANDIDATE 


4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY A. Long Life Composites. 

B . Low Cost, Long Life Mesh Te chnology. 

C. Distributed Control Technology. 


5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

A. Con cepts of Antenna Configuration^ 

B. Structure/Continuous Control Interaction Technology to 
Produce 1 ‘VI RMS Surface Accuracy 

C. Packaging of Antenna and/or Components 

D. Reliable Deployment and/or Assembly Technology. 

E. Advanced Surface Ev aluation Technique in Space. 

F. Dynamics of Lightweight, Large Structures. 






f 

SPACE TECHNOLOGY NEED 

> 

FORM NO 1 


PAGE 2 OF _ 

T| TkE Extremely Accurate Large Receiving 

NO 09/ M2/ 1 

Antenna Structures 

THEME /WG. / TASK 


DATE A /28/ 76 


6 RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

A. Identify co ncepts for Urge rtf lectore. 

B. P erforin trade-off and select concept. 

C. Demonstrate feasibility on a sc ** e model In earth 
orbl t . 

D. Develop surface evaluation technique . 


7. ALTERNATIVE APPROACHES/OPTIONS Use arrays of smaller, slaved 

reflectors . 


8 CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

One conceptual study at Lockheed Co. 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 
_ A 
B 


□□□□□□□□□□□□□□□□□□□□I 


MANPOWER (M Y) 

INHOUSE 

CONTRACT 


FUNDING (10 6 $) 

INHOUSE 

CONTRACT 


./|.Z 2 .2 .2 2 3 3 


imnnsiEirji&iui 


















LEVEL t »*SIC ’Mf«OME*A OKCRVf 0 AMD DitOftTiO 5 C'J«MlM*TO««*(*OMA«OT(StfO*Ml.f»**^ 

OF STATE 2 TN£0«» » OfttfulATfO TO OCSCftitf PHf»o«!*A («vi*UMM»' '* TMf lAM* «ro«T 

OF ART 1 th{ 0«» TfSTfO *> ^HrsiCAl ‘ ■»£ H IIHiT 0» ( *00£l TtSTO i* *.i»0¥»{*' 

¥*Tm(«i»TiCAl MOD( L J ■OOf) TlSTfOmSFACl (•> ilOMKIT 

< *«TI«t«T (UMCTI1N 0« CMA»»CTf»lSTlc OCMO«ST*ATEO 


SPACF TECHNOLOGY NEED 


1 TITLE Shield Structure 


FORM NO I 

PAGE 1 OF 2 _ 


NO 09/ _M2/ 02 

THEME /WG./ TASK 

DATE JL_ / 2 9 76 


2 OBJECTIVE 

Develop techno lQSxilir « space borne Rfl iJ'teld, S000 mater 
In diameter to he used with extremely \> large 

receivi ng antenna. 


3 NEED ANALYSIS 

3) LEVEL NOW Q] . WILL BE LEVEL (D UNDER EXISTING PLANS 
bl REOUIRFD ADVANCEMENT SHOULD BE TECHNOLOGY READY 
AT LEVEL (£] FOR OPERATIONAL SYSTEM USE BY IpA TI 10 on 1 
Cl RISK IN ACHIEVING ADVANCEMENT 

HIGH Q] MEDIUM [x] LOW Q 

dICRITICALlTY TO THE ACCOMPLISHMENTS ENABLING £] OR 
ENHANCING HIGH □ MEDIUM [j LOW □ 
el TASKS NEEDED STUDY [j[] ANALYSIS Q RESEARCH □ 

GRDTEStQ AIR CRAFT TEST □ SPACE FLIGHT TEST |TJ 
OTHER (Specify! □ (ChecL one or more l 

f) R8.T BASE CANDIDATE 


4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY 

A. Long Life Film and/or Mesh Material. 

B. Metallic Deposition on Large FI 1m - 


5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NFED 

A. Deplo yment of e xtremely large film/mesh structures of_ 

low accuracy geometry. 

B. F i Im/m esh structure attitude location wl l!i respect to 
to main structure. 




SPACE TECHNOLOGY NEED 


T,TLE Shield Structure 


FORM NO I 
PAGE 2 OF 


NO 09/ M2/ 02 

THEME /WG./ TASK 


DATE < / 28/76 


6 RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

A. Identify Concepts for shield configuration and deployment. 

-St1±C.t_CflHCtPl after tridt-off. 

iL. Deslfln*. fabricate* place in orbit and deploy shield modtL. 


7 ALTERNATIVE APPROACHES/OPTIONS RF band source Isolation. 


8 CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

Solar Sail RTOP (R X ) 

FY76 .0 2 

FY 77 


9 TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 

A 


MANPOWER (M Y) 
INHOUSE _ 
CONTRACT 


FUNDING (10 6 $) 

INHOUSE 

CONTRACT 




/ 

/ 











LEVEL t MSlC PwfROMfR* <mi«Vf 0 »l«0 MPORTf 0 » tOMPOMfkT 0* M(ADM««0 TfSTfOWMlfUMt 

OF STATE 1 If 0«* f0«MulAT(0 TO D(SCR'»f PWfPOMf A* l*VI*OMN«T « TM( IM0««TMV 

OF ART 3 TMI0«» TfSTf 0 •» PwrSlCAl (IPtUMKKTO* 4 MGD( 1 TtJTf D i* AlAlAAM t *• itOMN*’ 

MATM(MAftCAl MO 0(1 I MOOCl UJTfO Ml SPACE IMS |A0MM(AT 

« PEATIMEAT fUACTlOM 0* CHAAACTI AiSTlC Of MOAST RATED 


SPACE TECHNOLOGY K O 


1 TITLE Solar :’at 


FORM NO 

PAGE t OF * 



__ NO 10 M-2 01 

THEME /W G / TASK 
OTHER THEME: 9 

— DATE JLL ill ill 


2 OBJECTIVE 

Do vo lop tec h n o log y for deploya bl e aall to be us 
system for the exploration of the solar system 


as propulsio n 


3 NEED ANALYSIS 

a) LEVEL NOW Q . WILL BE LEVEL Q] UNDER EXISTING PLANS 

b) REQUIRED ADVANCEMENT SHOULD BE TECHNOLOGY READY 

AT LEVEL Q FOR OPERATIONAL SYSTEM USE BY I DATE ~1 

c) RISK IN ACHIEVING ADVANCEMENT 

HIGH 0 MEDIUM □ LOW □ 

dICRITICALITY TO THE ACCOMPLISHMENTS ENABLING 0 OR 
ENHANCING HIGH MEDIUM □ LOW □ 

e) TASKS NEEDED STUDY (7] ANALYSIS Q RESEARCH [x] 

GRDTEStQ AIR CRAFT TEST □ SPACE FLIGHT TEST {£] 

OTHER (Specify) Q (Check one or more I 

f) RS.T BASE CANDIDATE KV 77 ( -05M) FY 76 (.05 M ) 


4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY 1 >, extremely llg , 

metallized film material 


5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

A. Sail with a specific weight of the order of U g^ams /M2 


B. Sail size of 500 to 1,000 meters diameter but low surface 


accuracy 


C. Identification of new concepts 


D. Mechanisms for deployment of light large film structures 


E. Packaging of light films 


F. Dynamics of film structures and interaction with control 







R&T 

BASE 


SPACE TECHNOLOGY NEED 

FORM NO 1 


PAGE 2 OF 


NO _i 1 M-.' ul 

T'iEME / WG / TASK 











LEVEL I M&C’HitOWMMLMvfOMOM’OIITEC 4 "■*o*»*T a* ••(•{MOAac ISTEC * 

Of STATE J TMEom (0«»ui»tEO TO OfSCH'M r*.»*o«»t*A t*v*o*»‘ *' * T«E 

OF ART IT }■* TEJTEO IT Fhtlicai EiFEDANAT 01 « •OOEl TIJTEB m AiacMfT t«v<ao«M*' 

•«r»fH*Tir«i »00Ei I WOOEl TfSTEO <• SW4C1 EMv i k ONCV 

4 *E*TIM«T Eb'tTtM 0« CMA««CTE HlViC 0CM0«T*«r(0 


SPACE TECHNOLOGY NEED 


1 TITLE Recovery :inJ Landing 
for Launch Vehicles 


FORM NO I 

PAGE 1 OF 3 


THEME /WG / TASK 


date_JL >•»!.. 


2 OBJECTIVE 

Develop reliable desi gn ap proached iul analytical mt-Uiuila 
for water and land recovery, ut lilting parachutes. Impact 


attenuation devices, or landing gears. 


3 NEED ANALYSIS 

a) LEVEL NOW 0 WILL BE LEVEL 0 UNDER EXISTING PLANS 

bl REQUIRED ADVANCEMENT SHOULD BE TECHNOLOGY READY 
AT LEVEL f0R OPERATIONAL SYSTEM USE BY HiATl 1985-9? 
c) RISK IN ACHIEVING ADVANCEMENT 

HIGH 0 MEDIUM 0 LOW H 

JICRITICALITY TO THE ACCOMPLISHMENTS ENABLING 0 O’ 

ENHANCING HIGH 0 MEDIUM Q LOW □ 

•) TASKS NEEDED STUDY 0 ANALYSIS 0 RESEARCH 0 

GRD TEST 0 AIR CRAFT TEST 0 SPACE FLIGHT TEST 0 
OTHER (Speedy) 0 (Check one O' more) 

fl R&T BASE INDICATE 


4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY None 


5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

A . Analytical the ory i'o v water Impact loada on complex 

structural config ur e i on a, verified by testing. 

B. Manufacture and flight test of large clustered 


arachutes . 


;. Concepts for reuseable, or low-cost expendable, landing 


shock attenuation devices for land and water recover 


. Very light weight high strength landing gears for 


single-stage-to-orbit vehicles. 








SPACE TECHNOLOGY NEED 


TITLE 


Recovery and Landing 
for Launch Vehlclea 


FORM NO. I 

PAGE 2 OF 2 


THEME /WG./ TASK 


DATE k / 28/ 76 


6 RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

A. Analytical theory will be extended and verified by teat for 


w ate r 1 mp ac t of a tr uctura 1 oonf lgurat lon a 

B. Large, cluatered parachutea will be manufactured and flight 


teated 


C. Landing ahock attenuation devlcea will be deaigned 

— aniiyiM', ana i«ic«a in lscortcopy 

n. i-ig M. weight l.i ful l ng gears will ba designed* analysed* and . 

* AMI • 1 


7 ALTERNATIVE APPROACHES/OPTIONS 


8 CURRENT/PLANNED RELATED ACTIVITIES (RTOP. OTHER) 

Aircraft and Shuttle Landing Gear Developnent 


9 TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 

A 


MANPOWER (M Y) 

INHOUSE 

CONTRACT 













LEVEL I SASIC PHfROMfR* OBSCRVFO ARD JlffOBTfD S COUTORtRY 0» BRI AOBOARD IlStfO IR RIIIVARY 

OF STATE 2 THEORY fORMULATEO TO OESCNIM BHEROMERA {RVIRORBIf RT IR TNE LAROR XTORY 

OF ART J THEORY TESTEO |Y HtYSICAl EARERIMERT OR t NOOEL TESTED IR AISCRAET ERVIROWKRT 

MATHEHATiCAl MODEL » MOOEL TESTEO IR SPACE ERY iaqrmeRT 

« »ERTIRERTTURCTIOR OR CHARACTERISTIC OEMORSTRATEO 


— 

SPACE TECHNOLOGY NEED FORM NO. I 

PAGE 1 OF _ 

1 TITLE Advanced Vehicle Structures no 12/ H 2/ 2 

THEME / W G. / TASK 

DATE 4 /- 2B : 76 

2 0B rfl vlYo ^mcnt of structures which satisfy tht wight. Ufa. 

and temperature requireme nts of advanctd launch and orbital 
trans f e r ^ chiclet . 

3. NEED ANALYSIS 

d> LEVEL NOW 0 , WILL BE LEVEL U UNDER EXISTING PLANS 
bl REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY^ EADY^ 

AT LEVEL 0 FOR OPERATIONAL SYSTEM USE BY (date 1965-9$ 
cl RISK IN ACHIEVING ADVANCEMENT 

HIGH Q MEDIUM Q LOW 0 

dl CRITICALITY TO THE ACCOMPLISHMENTS ENABLING 0 OR 
ENHANCING: HIGH Q MEDIUM 0 LOW 0 

el TASKS NEEDED STUDY 0 ANALYSIS 0 RESEARCH 0 
GRD TEST 0 AIR CRAFT TEST 0 SPACE F LIGHT TEST 0 
OTHER (Specify) 0 ( ChecK one or inore ) 

f) R&T BASE CANDIDATE 506-1 7-P.2 FY78 1000k 

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF this technology A. Compo si te Materials. 

B. NDE Techniques. 


5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

A, Light Weight Long LI fe C o mpos 1 t e_ S_t Oil • Asse m bl y 

Devel opment. 

Bj Hi gh Temperatu re Reusable Metallic S truct. Ass embly 

Development. 

C. Integrated Structure/ T a n k a g e / TP S Desl gn Development 
(Reusable) 





SPACE TECHNOLOGY NEED 


TITLE Advanced Vehicle Structures 


FORM NO I 

PAGE 2 OF 2 


NO 12/ H2/ 2 

THEME / W G. / TASK 


DATE 4 / 23 / 76 


6 RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Develop, analyze and test, starting with small elements 
and ending with large assemblies. 

Continue development and test of structural component* - 

Perform design studies, fabricate and f»t sub-scale 

models and ful l-sc ale components^ 


7. ALTERNATIVE APPROACHF.S/CPTIONS 


8 CURRENT/PLANNED RELATED ACTIVITIES (RTOP. OTHER! 

_ 506- 17-22 The- m al Structures Concepts for STS 


9 TECHNOLOGY SCHEDULES 


SCHEDULE ITEM 


TASK ITEM 
5A 


MANPOWER (M Y) 
INHOUSE _ 
CONTRACT 


FUNDING (10 6 $) 

INHOUSE 

CONTRACT 
















LEVEL I BASIC PHENCHFHA OBSERVED AMO RCPORTEO S COHWOHEHT OR BREADBOARD USTEO IH REIEVAHT 

OF STATE 2 THEORY EOMIUIATEO TO OESCRIBE PHEBOREM EHVIHOHRBEHT <H THE IABORaTORY 

OF ART ] THEORY TESTEO BT PHYSICAL I xPE RiHERT OB « ROCEl TESTED i» AIRCRAFT ERVIROHBBERT 

mathematiCAi MODEL > mOEl TESTEO IR SPACE ERV i ROHNERT 

« PEATIHEHT fUHCTIOR OB CHARACTERISTIC OEMORS1 RATIO 


SPACE TECHNOLOGY NEED 


1 TITLE in-service nde techniques 


FORM NO. I 
PAGE 1 OF 2 

NO. 12/M-2/3 

THEME /W.G / TASK 

DATE I— ill 


2. O' 


(jev^op^automated. <n -*Itu durable, NDE ins trumentation and recording 
techniques for SSTO and orbital transfer vehicle structures. 


3 NEED ANALYSIS 

d) LEVEL NOW 0 . WILL BE LEVEL Q UNDER EXISTING PLANS 
bl REQUIRED ADVANCEMENT - SHOULD BE TECHNOLO GY READY 
AT LEVEL CD FOR OPERATIONAL SYSTEM USE BY I DATE 19871 

c) RISK IN ACHIEVING ADVANCEMENT 

HIGH □ MEDIUM 0 LOW □ 

d) CRITICALITY TO THE ACCOMPLISHMENTS ENABLING 0 OR 

ENHANCING: HIGH 0 MEDIUM Q LOW Q 

e) TASKS NEEDED STUDY 0 ANALYSIS □ RESEARCH Q 

GRDTEST0 AIR CRAFT TEST Qj SPACE F LIGHT TEST □ 

OTHER (Specify) Q (Ch«ck one or more) 

f) R&T BASE CANDIDATE 

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY Sensor s, au tomated data re cord ing and 

processing equipment. 


5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

A . NDE syst e ms for p erma nent Instal latlo n on critical stru c tura l element s 

which are capable of repeated, prolonged servlet. 

B. Acoustic holography, and acoustic emission techniques f$2r a pplication 

to space struct ures In space environments. 

C. N DE data record ing and between-f llgh t automatic data ana lysis. 





T,TLE In Service NOE Techniques 


SPACE TECHNOLOGY NEEO FORM NO. I 

PAGE 2 OF J 

TITLE j n service NOE Techniques no 12/ M2/ 3 

THEME /WG./ TASK 

■ - DATE 4 / 28/ 76 

6. RECOMMENOED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

A. Develop and test acoustic sensors and ultrasonic transmission instrumentation. 


7. ALTERNATIVE APPROACHES/OPTIONS Extende d ground turn arou nd time 
for disassembly and Inspection of critical structures. 


8 CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

S p ace f 1 1 g ht demonstr a tion proposed on Shuttl e Orb lter 

102 during development flights. 


9. TECHNOLOGY SCHEDULES 

FY 


SCHEDULE ITEM 


HniD IIl I3C3D10303CJC3CDDJDI3C3DlE2E]PEl 

HjrnjHH 

BSimiiiim 

•’liiJ'nMM ■ ■ WH TT f£i *71 71 ■ ■ ■ I 


MANPOWER (M Y) 

INHOUSE 

CONTRACT 










LEVEL I SASIC PHENOMENA OBSERVE 0 AMO REPOR r EO S COMPORERT OR BREADBOARD TESTSO « REIEYART 

OF STATE 2 THEORY FORMULATED TO DESCRIBE PHEROMERA EMVIRORMiERT tR THE LABORATORY 

OF ART 3 THEORY TESTEORY PHYSICAL EXPERIMENT OR « MOOEL TESTED I* AiRCRAET LRViRORMER? 

MATHEMATICAL MODEL > MOOEL TESTEO IN SPACE EHY.AORMERT 

« PERTIHENT FUMC'IOM OR CHARACTERISTIC OEMOMSTRAtEO 


SPACE TECHNOLOGY NEED 


FORM NO. I 

PAGE 1 OF 


^ TITLE LAUNCH VEHICLE STRUCTURAL LOADS ANALYSIS N0 


OPTIMIZATION 


THEME / W G. / TASK 


DATE /_L 8 


2. OBJECTIV 



analysis methods for 1 


conditions. 


3 NEED ANALYSIS 

a) LEVEL NOW GO , WILL BE LEVEL 0 UNDER EXISTING PLANS 
b> REQUIRED ADVANCEMENT SHOULD BE TECHNOLOGY READY 
AT LEVEL g] FOR OPERATIONAL SYSTEM USE BY I DATE 19BS~I 
C) RISK IN ACHIEVING ADVANCEMENT: 

HIGH Q MEDIUM 0 LOW 0 

dICRITICALITY TO THE ACCOMPLISHMENTS ENABLING 0 OR 
ENHANCING HIGH 0 MEDIUM 0 LOW 0 
e) TASKS NEEDED STUDY 0 ANALYSIS 0 RESEARCH 0 
GRD TEST 0 AIR CRAFT TEST 0 SPACE FLIGHT TEST 0 


OTHER (Speedy I 0 _ 
II R&T BASE CANDIDATE 


(Check one or more) 


FY 78 - $ 1 00K 


4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY None 


5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

A. Development of advanced automated computational and data syntheslzatior 

techniques for the methods and tools of loads analysis of large 
flexible bodies such as SSTO and HLLV. _ 

B. ,_ Development of loads analysis computer programs which automate the 

processes of wind tunnel data application, structural model development 
and selection of significant load conditions for design purposes. 





SPACE TECHNOLOGY NEED 


FORM NO. I 

PAGE 2 OF 2 


TITLE LAUNCH VEHICLE STRUCTURAL LOADS ANALYSIS 

no WW-tt* 

OPTIMIZATION 

THEME /WG./ TASK 


DATE 4 / 28/ 76 


6 RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Analyze techniques presently being utilized by space shuttle. Identify 

inefficient ana time consuming tasks. Develop theory and/or software 
required to reduce the time required to perform these tasks. 


7 ALTERNATIVE APPROACHES/OPTIONS Continue to schedule one-year load 

cycles. 


8 CURRENT/PLANNED RELATED ACTIVITIES (RTOP. OTHER) 

Aircraft Loads Automated Design lechnolooy 


9 TECHNOLOGY SCHEDULES 

FY 


SCHEDULE ITEM 


TASK ITEM 
A. 


MANPOWER (M Y) 

INHOUSE 

CONTRACT 


TT 













LEVEL I SASIC RM(«OM(N*OtSfR Vi 0 AMD RtPORTtO 4 COMRO*IRTOA»A€AOROAAOTISTiDlMRH.iVAaT 

OF STATE J TMEOMT FORMUIATIO TO DESCRiRi RHH t»viROMMI*T * the LARO* »'0«* 

OF ART 1 TMEOAT TESTED •» AMTSlCAl (Of AIKEMT OA t MO0CI TESTED IR AIRCRAFT tRvlROMMi*’ 

MATHEMATICAL Ml I MOOEl TESTED IM SPACE EM\ iROMMCRT 

« Rf AT ml AT FuftCTIOR OA CHARACTERISTIC OEMOMST RATED 


SPACE TECHNOLOGY NEED 


1 TITLE Payload Dynamics and Acousiu-. 


2 OBJECTIVE 


FORM NO I 
PAGE 1 OF 


THEME / W G / TASK 


DATE _4 /_i». 


3 NEED ANALYSIS 

a) LEVEL NOW □ . WILL BE LEVEL Q UNDER EXISTING PLANS 
b> REQUIRED ADVANCEMENT SHOULD BE TECHNOLOGY READY 
AT LEVEL ( 7 ] FOR OPERATIONAL SYSTEM USE BY Ioati loan 1 
cl RISK IN ACHIEVING ADVANCEMENT 

HIGH Q MEDIUM 0 LOW 0 

dl CRITICALITY TO THE ACCOMPLISHMENTS ENABLING 0 OR 
ENHANCING: HIGH 0 MEDIUM 0 LOW □ 

el TASKS NEEDED STUDY 0 ANALYSIS 0 RESEARCH Q 

GRD TEST 0 AIR CRAFT TEST Q SPACE FLIGHT TEST 0 
OTHER (Specif V) □ (Check one or more ) 


♦ ' R8.T BASE CANDIDATE 


SOb-17-31 FY 78: 1M 


4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY Dynam ic/acoustlc data acquisition system* 


5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

A. Develop methods to predict .u.uist i c/dyn.uni c response of coupled 

LV / pay load from knowledge of each element __ 

B. Obtain dynamic/ acoustic flight data on represent ative Shuttle 

payloads 

l'. Investigate methods of reducing dynamic/acoustic loads t’-d. isolation 
D. Demonstrate advanced pa yload response prediction/isolation tec'Mii^ues 
by flight test 



6 RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Ai_SWP.P9rl.9A3T effort tO COllCCt payload dvnami i-i/jt-niuH e flight 

load* data on early Shuttle fli g ht* fFy Si) 

ft* Eapand base R{|T program to develop payload acousticAiyaechanical 

_ vibration isolation concepts (.demonstrate concept on 1 1)85 payload) _ 

JL. Apply advanced prediction technfouet lax coupled reaponae to. nest 

payloads . advanced Shuttle confua/hcavy lift vehicles tlech. ready- 


7 ALTERNATIVE APP GACHES/OPT IONS 


8 CURRENT/PLANNED RELATED AC f IVITIES (RTOP. OTHER) 

50b- 17-31 

• Will develop fundamental technology for coupled res 
w/o acoustics 


9 TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 


ounled Kespon 
I echnology 

_Payload acoust 

Shut tie flight 

Shutt le Flight 



MANPOWER (M Y) 

INHOUSE 

CONTRACT 


FUNDING (10 6 S> 

INHOUSE 

CONTRACT 


RGD BASE (Net) 
NM'WR (in-house) 


1.0 M- 
40 — 








LEVEL I BASIC J*Mf NOWI W A GfiSIHVf 0 ABO MSAOMTEQ 4 CWAAOMBT 0* lAEAOMAAb TfSTJO I* Alll»A«T 

OF STATE 2 THEORY (OAHU l ATtD TO DESCRIBE RMEMOMERA (HVlAOWHAT H* THE .AMR »TOR» 

OF ART ] THEORY TfSTEO By AhySiCAI flrfAlMCNT OR I HOOU TESTED Ml AIRCRAET tllVlAOMMBT 

MATMCHATICAl llOOfl I »OOEl TESTE 0 >■ SPACE MIVIAOMMAT 
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FORM NO I 
PAGE 1 OF 

1 TITLE DAMAGE TOLERANCE FOR LONG UIL» JEH5ABLE NO 12 /H 2 _/£. 

STRUCTURES THEME / W G. / TASK 

OTHER THEMES: 8.9 

— DATE L /_2B. 76 
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2 ^Je ,V <fes1 g n methodology and material flaw initiation and growth data 
required for design of highly loaded elements requiring minimal service 
Inspection and maintenance 

3 NEED ANALYSIS 

a) LEVEL NOW (jj WILL BE LEVEL (T) UNDER EXISTING PLANS 
b> REQUIRED ADVANCEMENT SHOULD BE TECHNOLOGY R EADY 
AT LEVEL 0 FOR OPERATIONAL SYSTEM USE BY foATE 1985 ~1 
cl RISK IN ACHIEVING ADVANCEMENT 

HIGH Q MEDIUM Q LOW (T) 

dlCRITICALlTY TO THE ACCOMPLISHMENTS ENABLING 0 OR 
ENHANCING: HIGH 0 MEDIUM 0 LOW 0 

e) TASKS NEEDED STUDY 0 ANALYSIS 0 RESEARCH 0 
GRDTEST0 AIR CRAFT TEST 0 SPACE F LIGHT TEST 0 
OTHER (Specify! 0 (Check one or more) 

fl R&T BASE CANDIDATE S600K FT 78 New 

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY 

Definition of candidate materials for critical structural elements of 
launch and OT vehicles. 


5 SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

A. Develop materlaj toug hness, cyclic crack propagation data and failure mode 
definition for candidate metallic and composite materials. 

B. Develop analysis methods required *o characterize and quantify mechanical 
driving forces for flaw enlargement In finite metallic and composite 
structural elements 


C. E stablish a design met hodology for optimum incorporation of damage 
tolerance data and requirements with conventional design criteria 

D. Demonstrate^ validity of optimized design methods by test of subscale 
structural components. 
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FORM NO. 1 
01 £ 

TITLE DAMAGE TOLERANCE FOR LONG REUSABLE 

NO U /M2/6 

jTRIIC T l i R L r > 

THEME / W G. / TASK 


DATE A / 29 76 

6 RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

o Obtain flaw Initiation, flaw growth, and fracture characterization of 

candidate materials 

o Develop Inelastic analysis methods for flawed 

composite and metallic 


o Revise conventional design criteria to eliminate over-conservative 

requirements for tough materials 


7 ALTERNATIVE APPROACHES/OPTIONS 

; ' »w sensitive, fracture prone structures providing high risk operations 
and/or extensive and prolonged maintenance requirements. 


8 CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

Fracture Control Technology 


9 TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 


tress Analysis fo 
awed Compos itos 

tsii fmka 

law Extension Oat 
or Composites 
Taw Extension Dat 
or Metals , 
ethodology for Op 
sign. for 

■.escribed Service 


MANPOWER (M Y) 

INHOUSE 

CONTRACT 


FUNDING (10 6 $) 

INHOUSE 

CONTRACT 
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Techniques 









































